Abstract. F-spondin/vascular smooth muscle cell growth-promoting factor (VSGP), purified from the follicular fluid of adult bovine ovaries, has been identified as a promoter of neuronal differentiation and vascular smooth muscle growth. The objectives of the present study were (1) to clarify whether Fspondin is also produced in the testis, which is ontogenically equivalent to the ovary, and (2) to examine whether production of this protein changes with testicular growth. To isolate F-spondin from the testis, testicular homogenates obtained from 8-week-old boars were sequentially subjected to heparin-Sepharose chromatography, diethylaminoethyl (DEAE)-Sepharose chromatography, and reverse-phase high-performance liquid chromatography (RP-HPLC). The isolated protein had a molecular mass of approximately 110 kDa and was cross-reactive with anti-F-spondin antibody by Western blotting. The purified protein was further characterized by amino acid sequence analysis of its internal peptide. The sequence obtained was GEQCNIVPDN VD, and a homology search indicated that the purified protein is a homologue of rat, human, and bovine F-spondin. By fractionation of the same amounts of testis tissue obtained from 1-, 8-, 16-, and 40-week-old boars, we analyzed age-related production of F-spondin in the testis. Western blotting of the fractions obtained from RP-HPLC revealed the presence of a band at approximately 110 kDa, corresponding to Fspondin, in the testes obtained from boars between 1 and 16 weeks old, but this band was not detected at 40 weeks. These results clearly indicate that (1) the porcine testis produces F-spondin and that (2) production of this protein is evident in the immature porcine testis, but not the adult testis.
the fetal period, F-spondin accumulates in the extracellar matrix underlying the floor plate [4] and promotes outgrowth of sensory [3] , commissural [4] , and hippocampal neurons [5] . In 2001, Miyamoto et al. [6] also isolated a protein, named vascular smooth muscle cell growth-promoting factor (VSGP), with the ability to promote vascular smooth muscle cell growth from the follicular fluid of adult bovine ovaries. A subsequent homology search indicated that bovine VSGP is a counterpart o f r a t F -s p o n d i n . I n v i t r o s t u d i e s h a v e demonstrated that F-spondin/VSGP abrogates migration of venous endothelial cells upon stimulation with vascular endothelial growth factor [7] and in turn promotes the growth of vascular smooth muscle cells [6] . These findings suggest that F-spondin may be involved in the termination of angiogenesis and stabilization of neovessels by attachment of smooth muscle cells. In adult humans, expression of F-spondin mRNA has been detected in several organs, including the lung, small intestine, prostate, kidney, heart, placenta an d ovar y, the latter show in g the highest expression [6] . Thus, F-spondin appears to affect the growth and functions of organs by regulating angiogenesis in addition to its promotion of neuronal outgrowth in the fetal period. However, F-sponidn has not been isolated from organs other than the bovine ovary [6] .
The aim of this study was to clarify whether Fspondin is produced in the testis, which is ontogenically equiva lent to the ovary, by p u r i f i c a t i o n w i t h h e p a r i n -S e p h a r o s e chromatography, diethylaminoethyl (DEAE)-Sepharose chromatography, and reverse-phase high-performance liquid chromatography (RP-HPLC).
Materials and Methods

Samples
The protocols for use of the animals in the present study were approved by the Animal Care C o m m i t t e e o f t h e N a t i o n a l I n s t i t u t e o f Agrobiological Sciences. The testes of 1-and 8-week-old boars were collected surgically, and the testes of 16-and 40-week-old boars were obtained from a local abattoir. All boars were Large White × Landrace crossbreeds produced at the National Institute of Livestock and Grassland Science, Tsukuba, Japan. In European breeds, the bloodtestis barrier is formed at about 14 to 17 weeks and s p e r m a t o g e n e s i s i s c o m p l e t e d i n m a n y seminiferous tubules at about 20 weeks [8] . To isolate and characterize F-spondin in the testis, 100 g wet weight of testis tissue was collected from fifty 8-week-old boars. For investigation of age-related production of F-spondin in the testis, 90 g of testis tissue was obtained from 100 boars that were 1 week of age and 100 g of testis tissue was obtained from 50 boars that were 8 or 16 weeks of age and 6 boars that were 40 weeks of age. The tissue was homogenized in a 5-fold concentration of Tris buffer (TBS; 10 mM Tris-HCl, pH 7.5, 0. 
Purification of F-spondin
Testicular homogenates prepared from boars of each age were centrifuged at 5,000 × g for 90 min, and the supernatants were subjected to the following purification procedures based on the methods of Miyamoto et al. [6] , with minor modifications. 
Heparin-Sepharose chromatography
Diethylaminoethyl-Sepharose chromatography
The eluate from each heparin-Sepharose column at a concentration of 0.75 M NaCl was diluted with 1400 ml of 10 mM Tris-HCl (pH 7.5) containing 1 mM EDTA, 0.1% CHAPS, and 1 mM PMSF, and then applied to a column (2.5 cm i.d. × 30 cm) packed with 5 ml diethylaminoethyl (DEAE)-Sepharose CL-6B (Amersham Biosciences) at a flow rate of 1 ml/min at 4 C. To avoid contamination, four DEAE-Sepharose columns were prepared and each sample was applied to a different column. Each column was washed with 50 ml of 10 mM Tris-HCl (pH 7.5) containing 50 mM NaCl, 1 mM EDTA, 0.1% CHAPS, and 1 mM PMSF. Proteins were eluted from each column with 50 ml of 10 mM 
Reverse-phase high-performance liquid chromatography (RP-HPLC)
Pooled fractions containing F-spondin were d i r e c t l y a p p l i e d t o a n R P -H P L C s y s t e m (Amersham Biosciences) equipped with a Resource RPC column (6.4 mm i.d.× 10 cm; Amersham Biosciences) and were fractionated on a linear gradient of 10-60% acetonitrile solution in 0.1% (v/ v) trifluoroacetic acid at a flow rate of 1 ml/min. The fractions were collected and stored at -80 C for subsequent protein detection with silver staining, immunoblotting, and amino acid sequence analysis.
SDS-PAGE and immunoblotting
The eluates obtained during the fractionation procedures were subjected to SDS-PAGE, and subsequently the proteins in the gels were detected by silver staining (Silver Staining Kit; Daiichi Pure Chemicals, Tokyo, Japan) or immunoblotting using purified antibody against F-spondin. Anti-Fspondin antiserum was raised in a rabbit and directed against amino acids GCW215SEKTHPK DYPRRAN of bovine F-spondin conjugated with hemocyanin. The antiserum was purified using an a ffi ni t y c o lu m n p a c k ed w it h 1 m l o f Nhydroxysuccinimide-activated Sepharose (HiTrap NHS-activated; Amersham Biosciences) coupled w i t h 1 m g G C W S E K T H P K D Y P R R A N , a s described previously [9] . The immune reaction was visualized using 5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetrazolium (Sigma Fast BCIP/NBT; Sigma). The F-spondin antibody recognized F-spondin purified from bovine f o l l i cu l a r f l u i d b y t h e a b o v e p u ri f i c a t i o n procedures (Fig. 1) .
In-gel digestion and amino acid sequence analysis
Five µg of protein, determined by the absorbance at a wavelength of 280 nm, was obtained from a fraction containing a high concentration of Fspondin that had been fractionated from the testis tissue of 8-week-old boars after RP-HPLC and was then subjected to SDS-PAGE. After SDS-PAGE, the gel was stained with 0. In-gel digestion of the protein was carried out with lysyl endopeptidase, and the resulting peptides recovered were fractionated w i t h R P -H P L C . O n e p e a k s h o w i n g h i g h absorbance was selected and subjected to amino acid sequence analysis after Edman degradation. An amino acid sequence homology search of UniProt, European Bioinformatics Institute of the European Molecular Biology Laboratory (EMBL-EBI), was then conducted using the FASTA search program [10] .
Results and Discussion
To date, F-spondin m-RNA has been detected in organs of adult humans, including the ovary, lung, small intestine, prostate, kidney, heart and placenta, but no expression has been evident in the testis [6] . In the first part of this study, we investigated whether F-spondin is produced in the testis by purifying it from the testes of 8-week-old boars. The eluate from a heparin-Sepharose column eluted with 0.75 M NaCl was further purified using DEAE-Sepharose and RP-HPLC. As shown in Fig. 2a , one major peak of protein absorbance was observed at a wavelength of 280 The active fractions (fractions 3 to 5) were pooled, and a portion containing 100 µg protein, assessed by absorbance at 280 nm, was then subjected to RP-HPLC. Reverse-phase HPLC of the pooled eluates yielded three major peaks (peak I in fraction 31, peak II in fraction 37, and peak III in fraction 38, Fig. 3 ). Silver staining and immunoblotting using the F-spondin antibody detected a single broad band with a molecular mass of approximately 110 kDa in peak I (fraction 31), but not in peaks II and III (Figs. 4a and b) . To further identify the isolated protein, a partial amino acid sequence for a site within the protein was determined after in-gel digestion of the protein. The amino acid sequence of one fragment of the digest separated with RP- 3 ) after RP-HPLC using a testicular preparation from 8-week-old boars. Lanes 1, 2, and 3 in each figure correspond to peaks I (fraction 31), II (fraction 37), and III (fraction 38), respectively. Silver staining was conducted using 200 ng of protein that was assessed by absorbance at 280 nm and obtained from each peak fraction; Western blotting was conducted using 500 ng of protein.
HPLC was GEQCNIVPDN VD. A database search revealed that this sequence was identical to G 4 1 2 E Q C N I V P D N V D 4 2 3 i n t h e a m i n o a c i d sequences of the rat [3, 11] , mouse [12] , human [6, [12] [13] [14] [15] [16] and bovine [6] F-spondin ( Table 1) . The above results clearly indicate that the testes of boars at 8 weeks of age produce F-spondin. The molecular weight of F-spondin purified from boar testis was estimated to be approximately 110 kDa, calculated from its migration distance on SDS-PAGE, which is similar to that of F-spondin purified from bovine follicular fluid (90-100 kDa, [6] ).
In the second part of our study, we investigated whether production of F-spondin in the testis alters with age by examining the F-spondin content of eluates from RP-HPLC by immunoblotting. Homogenates of 90 to 100 g of testis tissue obtained at 1 to 40 weeks of age were subjected heparinSepharose and DEAE-Sepharose chromatography. The pooled active fractions (fractions 3 to 5) obtained after DEAE-Sepharose chromatography, determined by absorbance at 280 nm, contained 4.89 mg protein at 1 week of age, 3.32 mg at 8 weeks of age, 7.69 mg at 16 weeks of age, and 2.39 mg at 40 weeks of age, respectively. Eluates at each age were then directly fractionated by RP-HPLC using the same gradient as that in the above experiment. Figure 5 shows the elution pattern with absorbance at 280 nm after RP-HPLC of the testicular preparations from boars at each age. From 1 to 8 weeks of age, a sharp peak was noted in fraction 31, but this peak became relatively broad at 16 weeks. At 40 weeks of age, one peak was identified in fraction 32. Coincident with the elution pattern, silver staining and immunoblotting revealed the 110-kDa band in fraction 31 from 1 to 8 weeks of age, but this band became faint at 16 weeks and disappeared at 40 weeks (Fig. 6) . A band of approximately 35 kDa that showed no crossreaction with F-spondin antibody was present between 16 and 40 weeks of age. The above results strongly suggest that F-spondin is produced between 1 and 16 weeks of age, but that its production is reduced to below the limit of detection at 40 weeks of age.
There is little data available in regard to the physiological roles of F-spondin in the gonads. However, F-spondin is known to promote the growth of vascular smooth muscle cells [6] and to abrogate the migration of venous endothelial cells upon stimulation with vascular endothelial growth factor [7] in vitro. These previous findings suggest a potential role of F-spondin in angiogenesis regulating gonadal growth and function. The adult ovary undergoes rapid growth and regression of follicles and corpus luteum in a cyclic manner, and this process involves rapid angiogenesis. In contrast, the testis shows a progressive increase in weight towards puberty, and then remains rather static in adulthood. This seems to reflect the present findings that the boar testis produces a considerable amount of F-spondin until puberty (1 to 16 weeks of age), and then production is reduced in the adult period. Further studies are necessary to clarify the roles of F-spondin in gonadal growth and function.
In conclusion, the present study provides the first evidence that the testis produces F-spondin during the prepubertal period. However, the production of F-spondin is reduced in adulthood when testis growth is static. respectively. Silver staining was conducted using 200 ng of protein that was assessed by absorbance at 280 nm; Western blotting was conducted using 500 ng of protein.
